Postlaminectomy cervical kyphosis is an important consideration when performing surgery. Identifying factors predisposing to postoperative deformity is essential. The goal is to prevent postlaminectomy cervical kyphosis while exposing the patient to minimal additional morbidity. When postlaminectomy kyphosis does occur, surgical correction is often required and performed via an anterior, posterior, or combined approach. The authors discuss the indications for surgical approaches as well as clinical results.
Performing extensive multilevel laminectomies typically does not immediately destabilize an otherwise intact spine. Removal of the posterior tension band, however, can result in progressively increasing compressive loads on the anterior VB, resulting in anterior wedge compression. Surgery results in denervation and atrophy of the posterior cervical muscles. Additionally, surgery denervates and disturbs the facet joints. Loss of the posterior tension band increases the force on the anterior VB, worsens the sagittal deformity, and results in a kyphotic angulation ( Fig. 1) . As the kyphotic deformity progresses, the spinal cord may become progressively draped over the posterior VB, resulting in flattening of small feeding vessels to the cord as well as myelopathy. 4 In addition to neurological dysfunction, patients may experience severe mechanical neck pain secondary to facet joint disruption. Postlaminectomy spinal deformity is an important consideration when performing surgery.
There are extensive data concerning the incidence of kyphotic deformity following laminectomy for cervical spondylotic myelopathy. The incidence of postoperative kyphosis after multilevel cervical spine laminectomy is approximately 20%. 13 The incidence increases significantly in patients with preoperative cervical spine straightening.
The data concerning postoperative cervical kyphosis after resection of spinal cord glioma are not as complete. The two patient groups differ significantly in their spinerelated biomechanics. Patients with CSM are older, and on many occasions their cervical spines have been partially fused, which are more stable than those in younger patients with nonarthritic spinal cord glioma. Thus, in younger patients undergoing cervical laminectomies for spinal tumors, the incidence rate of postoperative kyphosis may be higher than the 20% documented in elderly patients with CSM. 3 The biomechanical characteristics of the cervical spine make it particularly prone to a postlaminectomy deformity. Analysis of biomechanical data indicates that the anterior VB supports only 36% of cervical load compared with 64% in the posterior column. 20, 22 Therefore, posterior facet joint disruption has a significant impact on cervical spine biomechanics. In children the incidence of postlaminectomy kyphotic spinal deformity is higher. 6, 28 Because the incompletely ossified VBs in children offer poor resistance to compressive forces, they are more prone to developing wedge deformity and progressive loss of sagittal balance.
Several factors have been associated with a higher incidence of postoperative kyphosis such as preoperative loss of cervical lordosis, facet capsule destruction, tumor, and irradiation. In several studies preoperative alignment has been shown to be an important predictor of postoperative deformity. Preoperative loss of lordosis is associated with a twofold increase in the incidence of postoperative kyphosis 13 ( Fig. 2 ). Other factors implicated in an increased risk of postoperative kyphosis include facet joint capsule destruction and the extent of laminectomies. 14, 17, 21, 29 Poor postoperative neurological status has been implicated in worsening postoperative deformity, but no conclusive evidence exists.
Irradiation has been associated with higher postoperative deformity rates in children. Radiation causes bone death and impaired bone growth resulting in delayed deformity in growing children. Doses exceeding 3000 rads have been linked to higher rates of scoliosis. 19 Mayfield, et al., 19 reviewed data obtained in 74 patients who underwent radiotherapy for neuroblastoma in whom survival was greater than 5 years; they reported a 76% incidence of spinal deformity after a 13-year follow up. Additionally, 20% of the survivors required deformity correction surgery. King and Stowe 16 documented 13 spinal fusions in 333 patients in whom radiotherapy was performed for either Wilm tumor or neuroblastoma. Spinal deformity is associated with increasing radiation doses.
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CLINICAL PRESENTATION AND RADIOLOGICAL CHARACTERISTICS
The most frequent presenting complaint is back or neck pain. The cause of the pain may be multifactorial. Causes in this population include muscle fatigue, facet joint arthropathy, or radiculopathy due to foraminal compression. Neurological sequelae such as myelopathy are late changes. Patients should undergo careful examination to determine if myelopathy is present. Lhermite sign can also be observed in some patients.
For patients presenting with pain, the surgeon must deduce its cause by evaluating the patient's history, examination findings, and/or diagnostic testing data. Fatiguerelated pain worsens as the day progresses and resolves with rest. Fatigue-related back pain is often alleviated by physical therapy (neck-muscle strengthening). If physical therapy fails, then brace therapy may be an option to reduce the workload on the muscles.
The cervical spine has a mean lordotic curve of 14 to 20°. 7, 31 Any cervical kyphosis is abnormal. Evaluation includes standing anteroposterior and lateral radiography as well as MR imaging and CT scanning. Flexion-extension radiography is important in diagnosing any spondylolisthesis and curve-related flexibility.
PREVENTION OF POSTOPERATIVE
KYPHOTIC DEFORMITY The most prudent treatment involves initial deformity prevention. Several strategies have been used to prevent postoperative sagittal deformity after multilevel laminectomies.
One option involves posterior segmental instrumentation and fusion performed at the time of the initial surgery. Segmental instrumentation-augmented fusion adds considerable time and morbidity to the operation. 8 Additionally, multilevel fusion will result in a substantial decrease in mobility. Placement of extensive instrumentation is also generally avoided in growing children with the highest sagittal deformity rates. Furthermore, levels adjacent to a long fusion will be subjected to larger stresses and may degenerate over time. Currently, segmental instrumentation is primarily considered in cases involving extensive bone removal or in those with other factors predisposing them to immediate postoperative instability. Patients with cervical kyphosis who must undergo a cervical laminectomy should also be considered candidates for posterior segmental instrumentation and lateral mass fusion.
Laminoplasty or osteoplastic laminotomy has been performed to prevent future cervical deformity. 1, 15 Laminoplasty has been well tolerated in cases of SCM 8 and does not add significant operative time or morbidity. The lamina can be fixed in place using sutures, craniofacial plates and screws, or newly developed TiMesh LP laminoplasty instrumentation (Sofamor Danek, Memphis, TN) (Fig. 3) . The lamina fuses to the posterior elements and reforms an arch. Laminoplasty has been shown to decrease postoperative deformity.
11,29 Some authors, however, have reported the occurrence of deformity after laminoplasties. 10, 29 TREATMENT OF POSTOPERATIVE KYPHOTIC DEFORMITY Once deformity has developed there are several surgical strategies available. Conservative treatment options may be chosen initially. Frequent radiographic follow-up evaluation and exercises are necessary. The role of brace therapy remains controversial.
Patients with progressive neurological decline, functional loss, or intractable pain are candidates for operative correction. The surgical strategy chosen depends largely on the pathological condition. If the deformity can be reduced, it can be corrected by careful positioning on the operating room table or in traction. The patient's spine can then be fused in the correct position via a posterior approach. 5 Cranial traction for up to 5 days is also an option to reduce deformity. In the majority of cases the deformity cannot be reduced. For fixed deformity, anterior surgical release is necessary to correct the deformity. Placement of posterior instrumentation can further stabilize the spine and reduce the risk of the graft extrusion or breakage.
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Anterior Approach
The cervical spine is generally amenable to deformity correction. The task of performing anterior and posterior approaches is straightforward. Significant correction can be achieved by anterior distraction and either discectomies or vertebrectomies. 2, 9 Herman and Sonntag 9 studied 20 patients with postlaminectomy kyphotsis in whom the mean angle was 38°. They found that traction improved the kyphotic angle by a mean of 8°. Open reduction via only an anterior approach and a vertebrectomy resulted in a mean improvement of 28°. Steinmetz, et al., 26 reviewed a series of 10 patients with postlaminectomy deformity. Their mean kyphotic deformity was 13°. The mean correction was 20°and the mean postoperative lordotic angle was 6°; both were achieved using only an anterior approach.
Whenever possible, we prefer to preserve the VBs and perform multiple discectomies and disc interspace distraction to restore the normal cervical lordosis. Allograft can be used, although in cases involving multilevel fusion and in patients who smoke, the placement of an anterior autograft is preferable. An ACP stabilizes the spine and increases fusion rates, especially in multilevel constructs. 12 In early reports involving anterior correction without ACPs, the anterior construct failed in up to half of all cases. 24, 30 When vertebrectomy is necessary, an anterior fibula strut graft or an autograft-filled cage can be used.
More recently we have had excellent fusion rates using a polyetheretherketone interbody spacer in conjunction with recombinant human bone morphogenetic protein.
Using either of these two materials avoids the morbidities associated with harvesting of iliac crest bone and achieves very high fusion rates even in cases with multiple levels (Fig. 4) .
We generally prescribe a rigid cervical collar for 12 weeks after surgery in all cases of deformity surgery.
Posterior Approach
Posterior cervical fixation is achieved involving seg-
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Postlaminectomy cervical deformity 3 Fig. 3 . Diagram illustrating the laminoplasty plate and screw system used to secure the lamina to the cervical lateral mass. mental lateral mass instrumentation with a polyaxial screw and rod system. Posterior instrumentation is required to supplement long strut grafts and relatively unstable cervical spines. Screw purchase on the lateral mass is limited to 16 mm or less, but for longer constructs such as in the upper thoracic pedicles, C-7, C-2, and C-1 lateral mass pedicle screws can be used (Fig. 5) .
The amount of force that can be applied for deformity reduction is restricted by the limited screw purchase. Posterior osteotomies facilitate kyphotic deformity reduction. A limited degree of correction can be achieved by performing a Smith-Petersen osteotomy in which the posterior elements are excised (Fig. 6 upper) .
Pedicle subtraction osteotomies can achieve a greater reduction but they have been associated with a high risk of neurological deterioration including quadriparesis and C-8 nerve root injury (Fig. 6 lower) . Therefore, their use has been generally limited to extremely severe cases in which an anterior approach is not possible. Most reports in the literature are related to ankylosing spondylitis. 25, 27 McMaster 18 has reported performing osteotomies at C7-T1 in 15 patients in whom the mean correction was 54°; new neurological deficits developed in 20% of the patients.
Anterior-Posterior Approach
There is also support for a combined anterior-posterior arthrodesis, especially in cases in which the anterior procedure involves more than a two-level corpectomy. 2, 23 The anterior approach allows for deformity correction and the posterior approach supplements the construct stability. An anterior-posterior approach is also indicated in patients with an especially unstable spine. This applies to many postlaminectomy patients because their posterior tension band has already sustained significant compromise.
CONCLUSIONS
Postlaminectomy spinal deformity is an important consideration in preoperative surgical planning. In young children and patients with preoperative sagittal deformity undergoing multilevel cervical and thoracic laminectomies, preventive measures are especially prudent. Performing a laminoplasty significantly helps to prevent postoperative spinal deformity. Posterior segmental instrumentation may be appropriate when a significant amount of bone work is necessary or if preoperative loss of lordosis is present. Postoperative deformity requiring surgery is usually treated via an anterior approach with ACP-assisted fusion. Extensive anterior operations may require posterior stabilization. 
